Introduction: Preeclampsia is one of the most commonly encountered hypertensive disorders of pregnancy that accounts for 20% -80% of maternal mortality in developing countries, including Ethiopia. For many years diet has been suggested to play a role in preeclampsia. However, the hypotheses have been diverse and often revealed inconsistent results across studies. Moreover, rarely were these hypotheses studied in Ethiopia. Therefore, this study aimed to explore whether the incidence of preeclampsia was related to nutrient or micronutrient deficiencies. Objectives: To describe the effect of nutrition and dietary habits on the incidence of preeclampsia. Methods: A facility based unmatched case-control study was conducted among 453 (151 cases and 302 controls) pregnant women attending antepartum or intrapartum care in public health facilities of Bahir Dar City Administration. Case-control incidence density sampling followed by interviewer administered face to face interview, measurement of mid-arm circumference (MUAC) and document review were conducted using a standardized and pretested questionnaire. Data entry and cleaning was done by Epi Info Version 3.5.3. The data were transported to SPSS Version 20 for analysis. Both bivariate and multivariate logistic regression analyses were applied. Backward stepwise unconditional logistic regression analysis was employed to determine the putative association of predictive variables with the outcome variable and to control for the effect of confounding variables. A P-value ≤ 0.05 was considered statistically significant at 95% confidence level throughout the study. Result: Those women having a MUAC value ≥ 25.6 cm were two times more likely than their counterparts to have preeclampsia (AOR = 2.49, 95% CI = 1.58, 3.94). Strikingly, higher odds of preeclampsia were found in women who reported to have taken coffee during pregnancy (AOR = 2.16, 95% CI = 1.32, 3.53). Similarly, those women who had anemia during the first trimester pregnancy were three times more likely than their counterparts to have incidence of M. Endeshaw et al. 1406 preeclampsia (AOR = 2.80, 95% CI = 1.09, 7.21). The result in this study also revealed that taking fruit or vegetables during pregnancy was found to be protective of preeclampsia (AOR = 0.37, 95% CI = 0.19, 0.73, AOR = 0.45, 95% CI = 0.22, 0.91) respectively. In addition, folate intake during pregnancy has shown a significant independent effect on the prevention of preeclampsia in this study (AOR = 0.19, 95% CI = 0.10, 0.37). Conclusion and Recommendation: Vegetable and fruit consumption and folate intake during pregnancy are independent protective factors of preeclampsia. On the other hand, higher mid upper arm circumference, anemia and coffee intake during pregnancy are risk factors for the development of preeclampsia.
Introduction
Preeclampsia is defined as hypertension accompanied by proteinuria first detected after 20 weeks of gestation with or without generalized edema [1] . Preeclampsia is one of the most commonly encountered hypertensive disorders of pregnancy (HDP) [2] .
Preeclampsia has remained a significant public health threat in both developed and developing countries contributing to maternal and perinatal morbidity and mortality globally [3] . Preeclampsia affects 5% to 10% of all pregnancies globally. The prevalence of preeclampsia in developing countries reaches up to 16.7% and it is estimated to account for about 40% to 60% of maternal deaths in developing countries [4] . WHO estimates the incidence of preeclampsia to be seven times higher in developing countries (2.8% of live births) than in developed countries (0.4%) [5] .
Maternal morbidity remains great with preeclampsia, which continues to be one of the leading causes for the admission of pregnant women to intensive care units in the world [6] . It is also associated with significant maternal mortality, accounting for about 50,000 deaths worldwide annually [7] . Ninety-nine (99%) percent of these deaths occur in the developing world which includes Ethiopia [8] .
Studies showed that preeclampsia was associated with higher rates of pre-term delivery, caesarean section, small for gestational age babies, stillbirth and lower baby birth weight [7] . Fetal morbidity and mortality increase substantially in women with preeclampsia is a major cause of stillbirths and neonatal deaths [8] [9] . In addition, induction of women for delivery to prevent the progression of preeclampsia is responsible for 15% of all preterm births [10] .
The onset of preeclampsia is only 5% from 20 weeks to 34 weeks of gestation, 90% from 34 weeks to labor and delivery, and the remaining 5% post partum within 48 hours after delivery [11] .
In developing countries particularly in Sub-Saharan Africa where maternal services including prenatal care are limited, preeclampsia leads to high neonatal and maternal mortality [10] .
In Ethiopia among the major five obstetric causes of maternal deaths, the proportion of maternal deaths due to severe preeclampsia or eclampsia shows increasing trend while that of abortion is decreasing and no grossly notable reductions in the proportions of maternal death in ruptured uterus, obstructed labor and sepsis are indicated [12] .
A report from Felege Hiwot Referral Hospital (FHRH), the study area, indicated that the trend of preeclampsia was increasing in alarming rate. For example the trend from 2012 to 2013 was increased by 83% without any change in the diagnosis and reporting system.
Despite the cause for preeclampsia is still obscure, there does appear to be certain risk factors which were identified by a number of studies, such as advanced maternal age [13] , nulliparity [14] , high maternal body mass index (BMI) [15] , pre-existing hypertension [16] , previous preeclampsia [17] , renal disease [18] , diabetes mellitus [19] , gum disease [20] , history of abortion [5] , and sexual partner change before four months of pregnancy [13] [21] . Rural residence [18] has also been consistently reported as risk factors for the occurrence of preeclampsia. Some studies on the other hand revealed that maternal education, monthly income, physical exercise and singleton pregnancy to be protective factors for preeclampsia [14] [22] .
Although the etiology of gestational hypertension and preeclampsia remains largely unclear, evidence sug-gests that the maternal diet is one of many factors suggested to play a role in the etiology of preeclampsia (The American Institute of Nutrition, 2009). Preeclampsia is characterized by metabolic disturbances similar to those found in cardiovascular diseases and type 2 diabetes mellitus (T2DM) including endothelial dysfunction, inflammation, oxidative stress, insulin resistance and dyslipidemia [23] [24] . Healthy diet characterized by high intake of vegetables, fruits and vegetable oils was associated with reduced risk of preeclampsia in women [25] - [27] . Dietary components and qualities associated with preeclampsia risk in observational studies include macronutrients, micronutrients, dietary fiber, alcohol, caffeine and individual foods as well as overall food patterns [28] - [30] . Trials aiming at preeclampsia prevention, however, have yielded mixed results [30] . While some evidences [30] promoted calcium intake, others found that homocysteine excess was a risk factor [31] . For many years diet has been suggested to play a role in preeclampsia. However, the hypotheses have been diverse and often revealed inconsistent results across studies. Moreover, rarely were these hypotheses studied in Ethiopia. Therefore, this study aimed to explore whether the incidence of preeclampsia was related to nutrient or micronutrient deficiencies.
Methods and Materials

Study Design and Period
A facility based unmatched case-control study was conducted among pregnant women attending antepartum or intrapartum care in public health facilities of Bahir Dar City Administration from June 2014 to September 2014.
Study Area
Bahir Dar City Administration is one of the three administrative cities and the capital of Amhara Region. Amhara Region is the second largest and populous regions in Ethiopia where close 20 million people are living. The city is located approximately 565 km northwest of Addis Ababa. According to Bureau of finance and economic development report, the city hosts a population of 277,566 with 0.92 male to female ratio. The city has one referral hospital and 5 health centers serving approximately 5 million people within and outside the city. The study involves all of these public health facilities found in the capital city of the region.
Study Population
All pregnant women attending antenatal care follow up and/or delivery during the study period at public health facilities of Bahir Dar City Administration, and meet the inclusion criteria.
Cases were pregnant women diagnosed to have any form of preeclampsia/eclampsia during ANC follow up, delivery care and postnatal within 48 hours by an obstetrician. Preeclampsia women were identified in they experienced blood pressure of 140/90 mmHg or higher at least twice with 4 hours apart after 20 weeks of pregnancy, as well as their urine lab result revealed protein excretion.
Control: A control was defined as a woman who gave birth during the preceding 2 days and who did not have a diagnosis of preeclampsia.
Sample Size Determination
The sample size was determined using Epi Info stat calc calculator for two populations by taking 85% power of the test, 95% confidence level and a control to case ratio of 2:1. Based on the above assumption, the total sample size required for case & control including 10% for nonresponse was calculated to be 151 & 302 respectively. An odds ratio of 2.3 was taken from the findings of literatures using age as a risk for preeclampsia [32] .
Sampling Technique and Procedure
Pregnant women attending ANC or delivery care during the study period and fulfilling the inclusion criteria were recruited until the allotted sample was reached. We employed case-control incidence density sampling methods. That means, cases were enrolled consecutively as they are diagnosed to have preeclampsia/eclampsia until the required sample size was obtained. For each case, two controls were selected by using simple random sampling technique from the same health facility in the same day as soon as the cases are diagnosed.
Study Variables
Presence of preeclampsia/eclampsia during pregnancy or delivery was the outcome variable, whereas maternal socio-demographic characteristics, dietary habits (fruit, vegetable, meat, alcohol, coffee and folate intake) and nutritional status [MUAC and anemia (<11 g/dL)] were taken to be independent variables.
Traditionally, BMI is used to measure nutritional status of women and classify pregnant women as underweight, normal, overweight, or obese. It is recommended that this index be calculated for all women using appropriate measurements, during the initial booking visit at about 10 weeks of gestation. However, pregnant women in the study area do not book early for antenatal care so, their actual weights at 10 weeks of gestation were not available. Thus, we used MUAC of the women to assess overweight and obesity but there is no reliable cut off points for diagnosis of overweight and obesity in the study area. Therefore, we used the average MUAC value of the respondents to determine the cutoff point and assess the risk of preeclampsia. Based on this, the cutoff point was set using the women's' average (25.6 cm) MUAC value.
Data Collection Procedure
Interviewer administered face to face interview, measurement of MUAC and document review were conducted using a standardized and pretested questionnaire. Ten midwives and two supervisors were recruited to collect the data after they received training with for one day.
Data Management and Data Analysis
All responses to the survey questionnaires were coded against the original English version and data entering, and cleaning was done through Epi Info Version 3.5.3. Then the data were transported to SPSS Version 20 for further data cleaning and analysis. Frequency run was made to check for accuracy, outliers, consistencies and missed values and variables. Finally the data were exported to STATA Version 12 for analysis of some selected variables. Model fitness was assessed using the Hosmer-Lemeshow goodness-of-fit and our model fits pretty well: χ 2 = 56.5, P-value 0.71. Before carrying out the multivariate analysis, we assessed the possibility of multicolinearity between the covariates, in the correlation matrix of covariates, all pair wise Pearson correlation coefficients were <0.5, suggesting that multicolinearity did not affect the findings. Both bivariate and multivariate logistic regression analyses were applied. A P-value less than 0.05 considered statistically significant at 95% confidence level throughout the study.
Backward stepwise logistic regression analysis was employed to determine the putative association of predictive variables with the outcome variable and to control for the effect of confounding variables. All of the explanatory variables were entered into the model.
Ethical Consideration
Ethical clearance was sought from Bahir Dar University School of Public Health Ethical Review Board. The person in charge of each facility and care providers were informed and their agreement received before the onset of data collection. Moreover, all the study participants were informed about the purpose of the study, their right to refuse and assurance of confidentiality. Then, verbal consent was obtained from each study participant. Strict confidentiality assured through anonymous recording and coding of questionnaire.
Results
Socio-Demographic Characteristics of Study Participants
A total of 453 verbally consented pregnant women who came for either antenatal follow up or skilled delivery service were enrolled in this study. The mean age of the study participants was 27.14 years (range from 16 -43 years) with SD of ±5.73 years. Two hundred seventy-seven (61.1%) of the women came from urban residence and the rest (38.9%) came from rural area. Out of 453 study participants, 193 (42.6%) have no formal education. Four hundred twenty two women (93.2%) were married. The median family monthly income of the study participants was 1500 Ethiopian Birr (range from 350 -8500 ETB) and two hundred fifty eight (57%) women have a monthly income below the median value. Most of the study participants were house wife (61.6%) and the rest were employed (23.2%) and merchants (15.2%) ( Table 1) .
The bivariate analysis in this study revealed that several factors to be predictive of preeclampsia during pregnancy. Living in rural residence as compared to urban dwelling (COR = 1.53, 95% CI: 1.03, 2.28), and advanced maternal age as compared to younger age (COR = 2.53, 95% CI: 1.16, 5.54) were found to be determinants of preeclampsia in the bivariate analysis, however, the effect did not remain significant after adjusting for control of confounding. Similarly, women who reported to have drunken alcohol during the index pregnancy had an increased risk of preeclampsia as compared with those women who did not drink alcohol (AOR = 1.66, 95% CI= 1.12, 2.46) in bivariate analysis, but turned out to be insignificant when adjusted in the final model). Since the Nevertheless, those women who had taken folate, fruit and vegetables were more likely to be protected from the incidence of preeclampsia. Those women having a MUAC value ≥ 25.6 cm were two times more likely than their counterparts to have preeclampsia (AOR = 2.49, 95% CI = 1.58, 3.94). Strikingly, higher odds of preeclampsia were found in women who reported to have taken coffee during pregnancy (AOR = 2.16, 95% CI = 1.32, 3.53). Similarly, those women who had anemia during the first trimester pregnancy were three times more likely than their counterparts to have incidence of preeclampsia (AOR = 2.80, 95% CI = 1.09, 7.21). The result in this study also revealed that taking fruit or vegetables during pregnancy was found to be protective of preeclampsia (AOR = 0.37, 95% CI = 0.19, 0.73, AOR = 0.45, 95% CI = 0.22, 0.91) respectively. In addition, folate intake during pregnancy has shown a significant independent effect on the prevention of preeclampsia in this study (AOR = 0.19, 95% CI = 0.10, 0.37).
However, unlike other previous studies, factors such as education, marital status, monthly income and occupation of women did not show any significant correlation with the incidence of preeclampsia in our study ( Table 2 ).
Discussion
To the best of our knowledge, this is the first report of a facility based case-control study to determine predictive factors of preeclampsia among women in Bahir Dar, Ethiopia. The findings of this study should be viewed in light of the following limitations.
We might have introduced selection bias since cases were selected consecutively as they appear for diagnosis. The random and systematic measurement error in self-reported dietary intake might attenuate the association observed in this study. Dietary assessment was made at diagnosis hence, recall bias is inevitable. We did not also assess the effect of wide range of dietary factors on preeclampsia; therefore, causal relationship cannot be inferred from this case-control study.
The main finding of this study was that women who reported eating vegetables or fruit had lower risk of developing preeclampsia than women who reported not consuming vegetables or fruit. This finding is consistent with the study conducted in Norway [25] [29] [30] [33] which revealed a reduced risk of preeclampsia with organic vegetable consumption. Several mechanisms for a biological effect of dietary behavior on incidence of preeclampsia may exist. Vegetables and fruits are rich in micronutrients such as antioxidants, vitamins, minerals, and dietary fiber. A diet rich in fruits and uncooked vegetables decreased the risk of hyperhomocysteinemia which is one of the risk factor for the occurrence of preeclampsia [34] . The result of this study revealed that adherence to dietary advice to consume a diet abundant in vegetables and fruit may be beneficial with regard to prevention of preeclampsia. However, other previous studies did not find a supporting evidence that self-reported intake of organic fruit prevent preeclampsia [35] .
Consistent with previous studies [28] [36], we found that folic acid supplementation during pregnancy was associated with a lower risk of preeclampsia. Beside its crucial advantage of preventing neural tube defect in babies, folic acid supplementation during pregnancy has been thought to decreases plasma homocysteine concentrations [28] [37] . Homocysteine is an amino acid released as the body digests dietary protein. It has been shown that its level increases during preeclampsia and elderly. As indicated above, too much homocysteine in the blood is linked with a greater risk of heart disease, stroke and nerve damage [33] . Excessive homocysteine in pregnancy might damage the vascular endothelium of the developing placenta by promoting oxidative stress thereby increasing contractile response and the production of procoagulants and vasoconstrictors which lead to development of preeclampsia [34] . Although we did not explore further about the dose and compliance of folate intake, its use by itself might have contributed for the prevention of preeclampsia in this study. This finding underscores the need for continued promotion of universal provision of folate for all pregnancy women. However, other few studies revealed that taking folate would lead to childhood asthma [38] .
In the present study, we were able to empirically assess the effect of nutritional status on preeclampsia. Although maternal Body Mass Index (BMI) has been evaluated as a good marker of preeclampsia in previous studies [39] , the pregnant women in this study did not book early for antenatal care, hence, their actual weights at 10 weeks of gestation were not available. As maternal Mid-Upper Arm Circumference (MUAC) is considered to be relatively stable during pregnancy among women of developing countries [40] we used MUAC measurement instead. There were linear trends in risk of preeclampsia with increasing mid-arm circumference in this study. Women who had a MUAC value above the average (25.6 cm) had two fold increased risk of preeclampsia compared to women in the lower value MUAC (AOR = 2.49, 95% CI = 1.58, 3.94). This finding is consistent with studies conducted in Zimbabwe [40] [41] and UK [41] . These studies have shown that higher values of anthropometric measurements are related to obesity and are useful in predicting preeclampsia risk. However, using MUAC and BMI as an independent marker for predicting preeclampsia has been criticized as fairly weak methods in recent studies [15] [41] . Other studies [42] also propose the use of body fat mass and total body water measurement as reliable methods to predict risk of preeclampsia in pregnancy than MUAC or BMI indices.
The prevalence of anemia (<11 g/dL) in this study was 6.2% and no woman was registered as having severe anemia (<7 g/dL) when the baseline hemoglobin value is measured during the first trimester antenatal care booking. The authors do not have plausible reasons to explain why the prevalence of anemia is low in this study as compared to the findings in developing countries [43] . As a matter of fact Iron deficiency anemia is the most common types of anemia in pregnancy [44] .
In agreement with other studies [44] [45], the finding in our study has shown that those women having anemia during the first trimester were almost 3 times more likely than who did not to have increased incidence of preeclampsia. The susceptibility of women with anemia to preeclampsia could be explained by a deficiency of micronutrients and antioxidants. Recent results also indicate that reduction in serum levels of calcium, magnesium and zinc during pregnancy might be possible contributors to the development of preeclampsia [30] . The occurrence of anemia in this study might be related to a reduced intake of fruit and vegetables and other micronutrient deficiency. Strikingly, however, other studies [45] demonstrated the risk of highest hemoglobin concentration to predispose to preeclampsia; a reduced plasma volume might attribute to the observed result.
The result of this study also showed that coffee intake during pregnancy has statistically significant association with incidence of preeclampsia. This finding is consistent with other studies [46] . The study in Norway revealed that higher caffeine (coffee, tea) intake during pregnancy seems to be associated with elevated systolic blood pressure levels in first and third trimester pregnancy. Caffeine intake acutely increases blood pressure levels. Habitual caffeine consumption may be associated with chronic blood pressure levels or the risk of hypertension in non-pregnant adults. The mechanisms by which caffeine exposure affect heart rate and blood pressure levels might include increases of catecholamine levels, which might subsequently lead to vasoconstriction. Dif-ferences in blood pressure levels associated with caffeine intake during pregnancy might be markers of subclinical cardiovascular adaptation mechanisms and the subsequent risk of hypertensive complications, such as pregnancy-induced hypertension and preeclampsia [29] [47] . On the other hand, other studies reported that caffeine intake prevent incidence of hypertension during pregnancy [48] . However, others did not find any evidence whether caffeine intake affects blood pressure during pregnancy or not [47] .
In agreement with the results of previous studies [32] there was no significant relationship between maternal age and preeclampsia in this study. However, it was different from the results observed by other study [49] that observed the relationship between advanced maternal age and occurrence of preeclampsia. Such difference could be due to the variation of study designs and study settings. Rural residence has been identified as a risk factor for preeclampsia in several studies [50] . However; we observed only a weak positive association of preeclampsia risk with this covariate in the bivariate analysis.
Unlike other previous studies [51] , the result of this study showed no statistically significant association between alcohol intake during pregnancy and incidence of preeclampsia. This possible explanation for this variation may be the difference in the type of alcohol being taken, the amount and the frequency of drinking. Residual confounding, due to insufficient or unmeasured lifestyle habits, might be involved. Nonetheless, our finding is in line with other findings [52] .
Previous studies have reported sexual partner change as a risk factor for preeclampsia [13] [21]. This current study did not find change of partner to be a strong risk factor for preeclampsia.
Various studies proposed that currently, there is no sure way to prevent preeclampsia. For many years diet has been suggested to play a role in preeclampsia. The hypotheses have been diverse and often mutually inconsistent. Most of the recommendation proposed by many studies are: increase the amount of fruit and vegetables and decrease the amount of fried foods and junk food, get enough rest, exercise regularly, avoid drinking alcohol, avoid beverages containing caffeine and taking folate and iron regularly [29] [30] [35] [52] . The result of this study also supports the above recommendation. For all women with preeclampsia, the potential benefits of a healthy diet and weight control cannot be overemphasized per se. Decisions about nutrition must carefully consider and incorporate the individual characteristics and circumstances of country's socioeconomic status.
Conclusion
With the target of the Millennium Development Goals in sight, preeclampsia/eclampsia needs to be identified as a priority area in reducing maternal mortality in developing countries. Since identification of the determinant factors will enhance the ability to diagnose and monitor women likely to develop preeclampsia before the onset of disease for timely interventions and better maternal and fetal outcomes, in view of our findings, there are several preventive and risk factors for preeclampsia. Vegetable and fruit consumption and folate intake during pregnancy are independent protective factors of preeclampsia. On the other hand, higher mid upper arm circumference, anemia and coffee intake during pregnancy are risk factors for the development of preeclampsia. It is recommended that these factors can be used as a screening tool for preeclampsia prediction and early diagnoses allowing timely interventions to be performed to minimize deaths associated with severe preeclampsia/eclampsia. Further research is needed to understand the effect of dosage and frequency of nutrient, alcohol and caffeine intake on incidence of preeclampsia.
Limitation
The findings of this study should be viewed in light of the following limitations. We might have introduced selection bias since cases were selected consecutively as they appear for diagnosis. The random and systematic measurement error in self-reported dietary intake might attenuate the association observed in this study. Dietary assessment was made at diagnosis hence, recall bias is inevitable. We did not also assess the effect of wide range of dietary factors on preeclampsia; therefore, causal relationship cannot be inferred from this case-control study.
